Proteins mediate the bulk of biological activity and are powerfully assayed in the diagnosis of diseases. Protein detection relies largely on antibodies, which have significant technical limitations especially when immobilised on two-dimensional surfaces. Here, we report the integration of peptide aptamers with extended gate metaloxide-semiconductor field-effect transistors (MOSFETs) to achieve label free sub-picomolar target protein detection. Specifically, peptide aptamers that recognise highly related protein partners of the cyclin-dependent kinase (CDK) family are immobilized on the transistor gate to enable human CDK2 to be detected at 100 fM or 5 pg/ml, well within the clinically relevant range. The target specificity, ease of fabrication and scalability of these FET arrays, further demonstrates the potential application of the multiplexable field effect format to protein sensing.
The error bars are smaller than the data points and were removed from the figure.
electrode. In the example shown in figure 2 , the transfer characteristics shift by +32.7 mV on changing pH from 6.6 to 7.1 and by +23. The use of CMOS MOSFETs with externally connected gold electrodes for the detection of protein interactions was studied for the peptide aptamer STM Cys+ -pep2, which has a strong interaction with the protein CDK2. 15, 19 Figure 3 shows the transfer characteristics of two MOSFETs after immobilization of the peptide aptamer. Upon interaction with a human cell lysate expressing CDK2, a shift of +26.7 ± 3.8 mV is observed ( figure   3a ). The direction of the shift is consistent with the results obtained with direct OCP measurements for charge variations are directly detectable at the although a fit using a four-parameter logistic 24 the low concentration range studied.
Even though the bound CDK2 is expected to extend over a large distance from the surface, large 17, 19 dual polarization 18 17 interferometry, and direct OCP measurements. 
